This study was performed to evaluate the association between food intake frequencies and long-term blood glucose control using glycated hemoglobin (HbA1c) in Korean diabetes.
INTRODUCTION
Diabetes is a chronic illness that requires comprehensive treatment to prevent associated complications. Such treatment includes medical care from a physician-coordinated team, selfmanagement education, and problem-solving skills in the various aspects of diabetes management. Above all, the complications (micorvascular 1) or macrovascular 2) ) associated with diabetes are increasingly westernized, and physical inactivity is widely prevalent, making type 2 diabetes an important public health issue today. The prevalence of diabetes in Korea has increased from 6-to 7-fold from 1.5% to 10% during the past 40 years. 3, 4) Diabetes-related mortality increased dramatically from 5.2 to 23.1 (a 4.4-fold increase) for men, and 3.8 to 22.8 for women (a 6.0-fold increase) between 1983 and 2007. The relation of specific foods and nutrients such as vegetables, 7) dietary fiber, 8) and glycemic load 9) to risk of type 2 diabetes has been examined in many studies, but few have addressed the association with long-term blood glucose control in diabetes. Although long-term glycemic control through caloric restriction is most important in diabetes patients, it is also important to maintain individual pleasure of eating.
However, there has been little research on the optimal dietary macronutrient composition and the extent of glycemic control in relation to each food group for patients with type 2 diabetes.
Thus, many physicians are reluctant to choose foods and decide the intake frequency of each food for their patients.
Glycated hemoglobin (HbA1c) is a biomarker of longterm glucose control that reflects blood glucose concentrations over the previous 6 to 8 weeks. 10) As shown previously, a single measurement of HbA1c is reliable to classify diabetes and predict the vascular complications according to long-term blood glucose concentration.
11)
In this study, we examined the food-frequencies of each food group and evaluated the relationship between the intake frequencies of certain food groups and long-term blood glucose control in Korean diabetes patients using data collected from the 4th Korea National Health and Nutrition Examination Survey.
METHODS

Study Population
The study population was derived from the data of the 4th
Korea National Health and Nutrition Examination Survey during 2007 to 2009. These surveys gathered data about the health and nutritional status of 24,871 subjects in various regions of Korea.
In the surveys, there were 1,561 diabetics who responded "yes"
to the question "Are you currently suffering from diabetes?" or in whom serum fasting glucose was more than 126 mg/dL.
We excluded the 190 subjects who did not respond to the food frequency questionnaire (FFQ). Thus 1,371 subjects were included in this study. This study was approved by the ethics committee of a university hospital in Seoul.
Food Group and Food Frequency
In the FFQ of these surveys, there were 11 food groups consisting of 63 food items. Using this questionnaire, we reclassified the foods into 11 new food groups consisting of 58 food items. The new 11 food groups in this study were staple carbohydrates (rice and grains other than rice), other carbohydrates (ramen, noodles, breads, rice cakes, and confectionery), legumes (bean curd, legumes, and soybean milk), potatoes (potato and sweat potato), meat and eggs (beef, chicken, pork, ham/bacon/sausage, and egg), fish (mackerel, tuna, croaker, and Pollack), vegetables (Chinese cabbage, radish, radish leaves, bean sprouts, spinach, cucumber, red pepper, carrot, pumpkin, cabbage, tomato, and mushrooms), seaweeds (sea mustard and laver), fruits (tangerine, persimmon/dried persimmon, pear, watermelon, oriental melon, strawberry, grape, peach, apple, banana, and orange), milk and dairy products (milk, yogurt, and ice cream), and instant foods (hamburger, pizza, and fried foods).
The study participants checked the most appropriate answers 
Assessment of Nondietary Covariates (Data Collection)
The nondietary covariates collected from the data were sociodemographic characteristics (e.g., age, education, household income), anthropometric measurements (height, weight, 
Statistical Analysis
All analyses were performed by reflecting weighted values at the stratification of the samples applied to the Korea National Health and Nutrition Examination Survey. The characteristics of the study subjects were compared using the Student t-test. 
RESULTS
General characteristics of the subjects are shown in Table 1 .
With statistical significance, the age, BMI, fasting glucose, HbA1c, total cholesterol, HDL cholesterol, duration of diabetes, and therapy of diabetes by insulin and oral medication were higher in women, while the abdominal circumference, TG, smoking, physical activity, alcohol consumption, household income, education, and behavioral therapy frequency were higher in men.
The food-frequencies of each food group are shown in Table   2 . There is a statistically significant male predominance in the food-frequencies of other carbohydrates, meat and eggs, fish, vegetables, seaweeds, milk and dairy products, and instant foods. Table 3 shows the relationship between the food frequency Fish consumption consistently abated HbA1c, so we evaluated the relationship between each fish type included in Table 4 . With statistical significance, the mackerel decreased HbA1c in total and in women (P = 0.022 for total, P = 0.006 for women).
DISCUSSION
Notably, fish consumption affected HbA1c inversely in both men and women. From previous studies, the consumption of fish and related nutrients (especially long-chain omega-3 fatty acids) seems to have various metabolic effects on patients with diabetes, and the risks and benefits remain controversial. Intake of fish and related nutrients resulted in beneficial effects on glucose tolerance, 13) microalbuminuria, 14) and cardiovascular disease (CVD), 15) while deteriorated glycemic control. 16 Legumes consisting of complex carbohydrates and dietary fiber are considered foods with low glycemic index, which are thought to be beneficial to patients with diabetes. 22) Several studies have suggested that the consumption of milk and dairy products may have beneficial effects on body weight, 23, 24) insulin resistance syndrome, 25, 26) and cardiovascular disease. 27, 28) However, there is few data relating dairy intake frequency to blood glucose control of diabetes. Recently, one study found that low-fat dairy products reduced the risk of diabetes. 29) However, we could not find the association between intake of milk and dairy products and HbA1c.
There are several limitations in this study. First, the crosssectional design of this study lacks the power to prove causality, and long-term follow-up studies are needed to establish a causal relationship between food-frequency and HbA1c. Second, we used food-frequency in considering the dietary habits in the population because of the form of the FFQ in the surveys. Thus, this study failed to consider the true amount of food consumed at one time.
In conclusion, frequent intake of fish was associated with glycemic control in patients with diabetes. Especially in women, frequent intake of staple carbohydrates was associated with elevated HbA1c, and frequent intake of legumes was associated with decreased HbA1c.
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